To clarify the host-virus relationship in polyoma virus infection, virus from a single culture pool was inoculated intravenously into AKR and cm mice and Fl hybrids within 24 hours after birth. Half the mice were thymectomized 2 weeks later. A high sensitivity of AKR mice to polyoma virus infection was shown in terms of the cumulative mortality, and of the incidence and mean latent period of parotid tumor growth in animals that survived more than 60 days. Thymectomy delayed significantly the death of infected mice in the AKR strain, but not in the C3H strain. The incidence and latency of parotid tumors were not affected by thymectomy in these strains of mice. High sensitivity to polyoma virus, the ameliorating effect of thymectomy, and predisposition for leukemia were observed in Fl hybrids whose mothers were AKR mice, but not in those whose mothers were C3H mice. It is concluded that there is a close correlation between the predisposition of AKR mice for leukemia and their sensitivity to polyoma virus infection, and that the thymus gland is partly, if not entirely, responsible for the high sensitivity. The incidence of leukemia was not significantly affected by the presence of polyoma virus infection.-J Nat Cancer Inst 30: 225-239,1963. POLYOMA VIRUS was first isolated from organ extracts of leukemic AKR mice by tissue culture technique. The mice receiving injeotions of the filtrate of leukemic tissues developed leukemia and multiple tumors (1). The leukemia-producing capacity of this agent disappeared after several passages in tissue culture, whereas the potential of multiple tumor production was retained, with evidence of propagation of the agent (2). There is evidence that polyoma virus can be distinguished from the leukemogenic agent (1, 3, 4). However, some kind of interaction between both viruses in the same host can be expected.
SUMMARY
To clarify the host-virus relationship in polyoma virus infection, virus from a single culture pool was inoculated intravenously into AKR and cm mice and Fl hybrids within 24 hours after birth. Half the mice were thymectomized 2 weeks later. A high sensitivity of AKR mice to polyoma virus infection was shown in terms of the cumulative mortality, and of the incidence and mean latent period of parotid tumor growth in animals that survived more than 60 days. Thymectomy delayed significantly the death of infected mice in the AKR strain, but not in the C3H strain. The incidence and latency of parotid tumors were not affected by thymectomy in these strains of mice. High sensitivity to polyoma virus, the ameliorating effect of thymectomy, and predisposition for leukemia were observed in Fl hybrids whose mothers were AKR mice, but not in those whose mothers were C3H mice. It is concluded that there is a close correlation between the predisposition of AKR mice for leukemia and their sensitivity to polyoma virus infection, and that the thymus gland is partly, if not entirely, responsible for the high sensitivity. The incidence of leukemia was not significantly affected by the presence of polyoma virus infection.-J Nat Cancer Inst 30: 225-239,1963. POLYOMA VIRUS was first isolated from organ extracts of leukemic AKR mice by tissue culture technique. The mice receiving injeotions of the filtrate of leukemic tissues developed leukemia and multiple tumors (1) . The leukemia-producing capacity of this agent disappeared after several passages in tissue culture, whereas the potential of multiple tumor production was retained, with evidence of propagation of the agent (2) . There is evidence that polyoma virus can be distinguished from the leukemogenic agent (1, 3, 4) . However, some kind of interaction between both viruses in the same host can be expected.
Experiments involving thymectomy (5) and thymus transplantation (6, 7) development of murine lymphatic leukemia. The detailed mechanism of leukemogenesis remains unknown.
The presence of the thymus may also affect the development of polyoma virus infection, which is often accompanied by neoplastic or regressive changes in the thymus.
Polyoma virus, breaking strain and species barriers, produced tumors in a wide variety of animals. In animals infected with polyoma virus, some organs developed tumors at a high incidence and others did not. The host-virus relationship may be affected by the hormonal state, organ specificity, or genetic characteristics of the host animal.
The present study is concerned with host factors which might participate in polyoma virus infection. AKR (high-leukemia) and C3H (lowleukemia) mice and Fl hybrids of the 2 strains were inoculated with polyoma virus preparation from a single culture pool. Observations were continued for 1 year to investigate the effect of thymectomy and the significance of hereditary disposition for polyoma virus infection in terms of the tumor incidence and mortality curve of infected mice.
MATERIALS AND METHODS
Virus.-The starting material of the polyoma virus in this study was provided by Dr. S. E. Stewart, National Institutes of Health, Bethesda, Maryland. The original fluid (#3919) was first passed to newborn Swiss mice. Minces of a parotid tumor recovered from one of the infected mice were transferred to Swiss mouse-embryo cultures and were maintained there for more than 20 transfer generations. Cultures were grown in medium 199 containing 10 percent calf serum. The harvested culture fluid was passed through HA grade Millipore filters before use. Culture fluid of the eighteenth transfer generation, with a hemagglutination titer of 64 and a tissue-culture infectious dose (TCID50) of 5.0 per ml, was used throughout the animal experiment.
Hemagglutination tests.-Serial twofold dilutions of virus were made in Wassermann test tubes: 0.5 ml of 0.4 percent guinea-pig erythrocyte suspension in 0.85 percent NaCI solution was added to 0.5 ml of the virus dilution. The tubes were kept in a cold room at 2 to 4 0 C overnight before readings.
Tissue culture titrations.-The procedure described by Rowe (8) was employed, the Reed-Muench method (9) being used for the calculation of titers.
Isolation oj virus jrom injected mouse organs.-The excised organs were ground in a mortar, suspended in isotonic saline, and centrifuged at 1000 rpm for 5 minutes. One mouse-embryo tissue culture in a T-30 flask was inoculated with 0.5 ml of the supernatant per 5.0 ml of total fluid volume. Virus isolation was confirmed by hemagglutination and hemagglutination inhibition tests against standard antiserum.
Animal8.-AKR/J and C3H/HeJ inbred mice were obtained from the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine. Two kinds of Fl hybrid mice were obtained by mating C3H/HeJ and AKR/J mice: AKR female X C3H male (A/C), and C3H female X AKR male (C/A).
Newborn mice received intravenous injections of 0.03 ml of the stock fluid within 24 hours after birth. The technique of intravenous injection was as described by Kassel (10) . Control mice received similar injections of virus-free culture fluid. Thymectomy was performed 2 weeks later. Under combined pentobarbital-ether anesthesia, the thymus gland was gently sucked through a small glass tube, according to the method of Kaplan (11) . To minimize error due to the litter effect, thymectomy was performed on half the mice of each litter, and the remainder were left untreated.
Routine necropsies were performed on all animals, and histological sections were stained with hematoxylin and eosin. The I-year survivors were checked for leukocyte count and body weight before being killed. Table 1 shows the number of survivors for each group of mice at early stages of the experiment. A high mortality (around 30%) was observed for the infected inbred mice during the preoperative stage (0-12 days of age). Most deaths between day 12 and day 30 took place during thymectomy. Table 2 (a-d) shows the cumulative mortality for each group of mice from day 61 to day 240. The mortality for infected non thymectomized AKR mice continually rose until day 160, after which time the death rate Oumulative mortality of infected thymectomized mice is much lower than that of infected nonthymectomized AKR mice for the first 100 days (from day 61 till day 160). The difference becomes less distinct after that time. The chi-square test, when applied to these results, shows that the difference in mortality from day 101 to day 160 is statistically significant (p<0.01 for days 101-120, 121-140, and 141-160, respectively) .
RESULTS

Fate of Experimental Mice
The observed difference for the 51 animals that died on or before the 180th day was also significant by the rank t test (0.01<P<0.05).
Thymectomy seemed to retard the progress of polyoma virus infection but not to stop it. The possibility that the observed deaths in the infected group may have been unrelated to polyoma virus infection was excluded by the low mortality of noninfected AKR mice (10% on day 240). Although the mortality of noninfected nonthymectomized mice is higher than that of noninfected thymectomized mice, the difference is not statistically significant. Table 3 shows the cumulative number of dead mice according to sex. The sex of the test animals seems to have no significant effect on the death rate of infected mice.
The suppressive effect of thymectomy on mortality was also observed in infected A/O mice, but the difference was not so striking as that for infected AKR mice.
The mortality of 03H mice was lower than that of AKR and A/O mice, but there was no detectable difference in mortality between the thymectomized and nonthymectomized groups.
The mortality for infected thymectomized O/A mice was much higher than that for infected nonthymectomized O/A mice, indicating that thymectomy had an aggravating effect on polyoma virus infection. 
Tumor Incidence
Tables 4 and 5 summarize the incidence of tumors (including leukemia) in infected and noninfected mice. Leukemia appeared in noninfected AKR and A/O mice, but not in noninfected 03R and O/A mice. Infected AKR and A/O mice also developed leukemia, but infected 03R and O/A mice did not. Thymectomy suppressed the appearance of lymphatic leukemia, but not of myeloid (chloro) leukemia, in both the infected and noninfected mice (tables 4 and 5). The incidence of leukemia was lower in the infected mice than in the noninfected ones, but the difference was rather inconclusive. In some cases, parotid tumors and leukemia appeared in the same host.
The incidence of solid tumors was much higher in AKR than in 03R mice and was not influenced by thymectomy in all mice tested. The ages at which parotid tumors were first detected by inspection differed for AKR, 03H, and Fl hybrid mice (table 6) . Infected AKR mice developed parotid tumors much earlier than the corresponding 03H mice and their Fl hybrids. The survival period after tumor appearance was much shorter in nonthymectomized AKR than in thymectomized AKR mice. These factors indicate that thymectomy retarded the course of the disease in the tumor-bearing mice. The difference observed in the latent periods of parotid tumors in AKR and 03H mice is statistically significant. Text- figure 1 shows the time lag between the first detection of parotid tumor and the death of the host for each mouse bearing parotid tumor. TEXT-FIGURE I.-Duration of parotid tumor in polyoma-infected mice. All parotid tumors were detected by inspection while animals were alive. The ordinate represents time lag (days) between first detection of the tumor and death of the animal.
The Wilcoxon rank sum test was applied for these data. The difference of tumor duration between nonthymectomized and thymectomized AKR mice is significant at the 1 percent level. Parotid tUmors in thymectomized mice often regressed and later regenerated at the same site.
Changes in the Thymus
All infected mice that died within 1 year had thymuses with some degree of pathologic changes. The thymuses of most of the infected mice were extremely atrophic. Thymoma also developed in infected AKR and AIC mice. However, the same tumor was seen among noninfected AKR and A/C mice at a higher incidence (tables 4 and 5). Table 7 summarizes findings for the thymuses of 1-year survivors. Most infected survivors had well-shaped thymuses, in sharp contrast to the thymuses of mice that died from polyoma virus infection within tbe observation period. As shown in figure 1 , the thymuses of infected AKR mice were extensively replaced by fibrous tissue, which was often accompanied by dilated blood vessels and by macrophages with phagocytized pigment granules. In contrast, the thymuses of noninfected AKR mice were well preserved in structure ( fig. 2) . The same findings were seen in C3H mice and the F 1 hybrid mice.
Isolation of virus from infected mice was attempted by tissue culture technique. In the 2 infected mice tested, polyoma virus was isolated from both thymuses.
Fate of Normal Thymus
The foregoing data indicated that the death of the polyoma-infected host was somehow retarded by thymectomy in AKR, but not in C3H mice. Thymus weight was compared among AKR, C3H, and AIC mice. As is shown in table 8, the weight of the AKR thymus always exceeded by far the weight of the C3H thymus in both sexes. The thymus weight of 1-year-old AIC hybrid mice fell between those of the parental mice of the same age. The weight of the thymus was generally greater in female mice than in males. 
DISCUSSION
So far, thymectomy has been found effective in inhibiting, or modifying the course of, murine leukemia of both viral (12) (13) (14) and nonviral origin (11, 15) . Although there is no proof that the thymus is functioning in the same way in all cases, leukemogenesis is somehow supported by the organ.
In the light of these reports, the experiment combining thymectomy with polyoma virus infection indicates that both polyoma virus infection and leukemia are somehow mediated by the thymus, as far as AKR mice are concerned. It is conceivable that the A agent (leukemia virus), which is inherent in AKR mice, may accelerate synergistically the development of polyoma infection with the aid of the thymus. N evertheless, there was no detectable acceleration of the development of leukemia in the presence of polyoma virus infection.
There is evidence that the thymus of an AKR mouse functions differently from that of a low-leukemia mouse (16) (17) (18) . Perhaps the thymus of this high-leukemia strain differs not only in size but also in biological properties, as demonstrated by its high tumorigenicity.
Interestingly enough, the responsiveness of mice to polyoma infection, as reflected in mortality curves, is much higher in A/C than in C/A mice. The incidence of spontaneous AK leukemia, as observed in AKR (highleukemia) and Rf (low-leukemia) mice and their Fl hybrids, is as follows: A/A, 69.3 percent; A/R, 21.9 percent; R/A, 11.6 percent; R/R, 1.6 percent (19) . Genetic environment, which is partly influenced by the sex chromosome, seems to act in similar ways on the development of spontaneous leukemia and of polyoma virus infection.
A high incidence of thymus atrophy was observed in this study. Vogt et al. reported that polyoma virus was capable of producing cytopathic as well as anaplastic changes in the cells (20) .
The incidence and type of tumor might have been different, depending on the strain and quantity of virus employed, the route of inoculation, JOURNAL OF THE NATIONAL CANCER INSTITUTE or the genetic character of the host (21). Sachs et al. reported that a mutant virus showed attenuation in its tumor-inducing properties, as measured on the basis of the plaque-forming unit of the virus (22) . A high susceptibility in AKR mice has also been noted by several investigators (23) (24) (25) .
There are several reports indicating that the thymus participates in the development of the immune response of the host animal. Metcalf observed that thymectomy resulted in a 30 percent fall in the lymphocyte count and a remarkable atrophy of the lymphoid organs in mice (26) . The deoxyribonucleic acid fraction of calf thymus, if administered intraperitoneally, was found inhibitory for the development of Walker carcinosarcoma (27) . Tumor production in hamsters by polyoma virus was significantly retarded by intraperitoneal inoculation of hamster lymphoid cells (lymph nodes, spleen, and thymus), provided that the cells were given 1 to 3 days before the virus (28). Miller reported that AKR mice took skin grafts from C3H mice only when the thymus of the former had been removed within 5 hours after birth (29) .
Thus it is conceivable that the thymus may stimulate the development of polyoma virus and simultaneously enhance host resistance against the virus. The balance between both actions of the thymus may well vary, depending on the age of the thymus or on the strain of mice used, in view of the fact that thymectomy performed 2 weeks following birth decreased mortality in AKR and A/C mice, but not in C3H or CIA mice.
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